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Abstract 
Nanocommunication is a new paradigm that allows nanomachines to communicate using mechanisms, such as molecular-based, 
electromagnetic-based, acoustic-based, and nanomechanical-based mechanisms. A nanonetwork is formed of tiny nanomachines 
with limited sensing, computational, storage and power capabilities. In forming well connected nanonetwork, coverage area or 
transmission range of nanonodes should be carefully tuned according to the network density. The aim is to minimize contentions 
while maintaining good latency and high throughput under different nodes densities. However, selecting dynamically and in a 
distributed manner the best suitable range for each node is a difficult issue. In this paper, an adaptive transmission range of 
electromagnetic-based communication mechanism is introduced. Simulations are conducted using Nano-Sim, and results are 
reported to show the efficiency of the proposed approach in terms of throughput and latency according to the network density. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Conference Program Chairs. 
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1. Introduction 
Nanotechnology is one of the fields of fundamental sciences and applied technologies that enables the design and 
engineering of miniaturized nanomachines in a scale of few nanometers. These nanomachines are very tiny devices 
able to perform very simple computation, sensing and/or actuation tasks1,2. Alike Internet, these machines could be 
interconnected (nanonetworks) in order to increase their capabilities and then execute collaborative tasks in a 
distributed manner. Several applications, ranging from biomedical, environmental, industrial, to military services, 
could benefit from this new technology3. For example, the largest number of applications is within the biomedical 
field. The biological models gave opportunity of using nanotechnologies and nanonetworking to interact with the 
human body. Immune system support, bio-hybrid implants, drug delivery systems, health monitoring, and genetic 
engineering are good examples for these types of models4,5. Nanonetworks could be also used in industries to help 
developing new quality control procedures and manufacturing processes. These applications have been proposed to 
improve systems of controlling quality of food and water, materials and fabrics6. In military field, nanotechnologies 
could be used for quick gathering of information about position and situation of objects. Among the military 
applications, we can select applications, which control nuclear, biological and chemical (NBC) defenses and nano-
functionalized equipment7. Since nanonetworks are inspired from biological systems, they could also be applied in 
environmental fields for achieving several goals that could not be solved by using current 
technologies. Biodegradation, animals and biodiversity control, air pollution control, embedded systems are examples 
of these types of systems8,9.  
Recently, nanonetworks are implemented using electromagnetic (EM), molecular (i.e., chemical), nanomechanical, 
or acoustic communications3. This paper considers EM-based nanonetwork in which communication among its nodes 
occurs through electromagnetic waves. Therefore, new cost-effective solutions are required for communication among 
thousands of distributed nanomachines10,11. For example, selecting effective transmission range is a critical issue in 
design and performance of nanonetworking applications (e.g., increasing the transmission range increases the carrying 
capacity of the network).  
In this paper, an adaptive transmission range of electromagnetic-based communication mechanism is introduced. 
Simulations are conducted to study the performance and the effectiveness of the proposed approach. The remainder 
of this paper is organized as follows. Section 2 presents related works. An adaptive transmission range approach in 
EM-based nanonetworks is introduced in Section 3. In Section 4, preliminary simulations results are presented 
followed by conclusions and future work in Section 5. 
2. Related work 
In the past few years, numerous research works have been conducted in the area of engineering and the development 
of nanotechnology applications and protocols. A nanomachine is a device, consisting of nanoscale components, able 
to perform a specific task at nano-level, such as communicating, computing, data storing, sensing and/or actuation3,4. 
Nanoscale communication mechanisms could be classified in four main categories, molecular-based, acoustic-based, 
nanomechanical-based and electromagnetic-based communication mechanisms. 
Molecular-based communication mechanism use molecules and their components, such as gap junctions, receptors, 
nucleus etc. In acoustic communication, message transmitting and receiving occurs by encoding of using acoustic 
energy, i.e., pressure variations. In nanomechanical communications, information flows through the mechanical 
connection of nanoscale devices, it means that the transmission of information between the transmitter and the receiver 
occurs through mechanical channels3. 
EM-based communication is gaining rapidly the attention of the scientific community12,13,14. The research on EM-
based nanonetworking is still at an incipient stage and there are many issues, which should be solved2. Especially, 
analytical performance evaluation and simulation tools are required to study new protocols and standards. 
Furthermore, new cost-effective solutions are required for communication among thousands of distributed 
nanomachines. For example, adaptive transmitting range for connectivity and energy consumption is one of the most 
important problems in nanonetworking. The goal is to determine the adaptive transmission range for connectivity, i.e., 
the minimum value for transmission range, which generates communication graphs that are well connected.  
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The main objectives of our work are to develop adaptive approaches for efficient nanonetworks. In this paper we 
focus on adaptive transmission range of electromagnetic-based communication mechanism and study its performance 
(e.g., throughput, latency) according to the network density. 
3. Adaptive transmission range 
In forming well connected nanonetwork, the transmission range of nanonodes should be carefully tuned according 
to the network density. For example, a larger transmission range will increase the number of neighbors, which could 
guarantee low latency with high packet delivery ratio. In other words, increasing too high the transmission range might 
increase the probability of packets collision, and shortening it too much might disconnect nodes from each other. In 
this case, small number of packets will be delivered with high latency, since the number of hops among nanonodes 
will be high. 
Taking into account the above-mentioned problems associated with the transmission range, approaches are required 
to allow adapting the transmission range of nanonodes based on network density. In this paper, we consider that 
nanonodes are replaced in cuboid and they move according to the Gauss-Markov mobility model. In our first 
evaluation of nanonetworks, several issues have been noticed. For example, when a node should send or re-broadcast 
a packet it checks first for its neighbors using information from the channel layer. If there are no neighbor nodes in its 
coverage area, packets will be destroyed. There is a possibility that the packet could be got/returned back to the 
transmitter from other neighbor nodes after several hops or directly after transmission. In this case, packets will be 
also destroyed. In order to avoid this issue, we should consider the following cases: (i) in sparse nanonetwork, the 
probability of finding neighbors is very low. In this case the transmission range of nanonodes needs to be adapted to 
keep network connectivity; (ii) in dense nanonetwork, throughput could be low because of collisions. In this case the 
transmission range needs to be adapted to minimize the collisions. 
It is worth noting that when we assign short/long transmission range in dense/sparse network, results for throughput 
and average latency are better compared to a fixed transmission range. For adapting the node’s transmission range the 
two cases described above have been considered. In the first case, when an intermediate transmitter has no neighbors, 
we assign higher transmission range in the channel layer, which might increase the number of neighbors. In the second 
case, the transmission range takes the value of the average value of distances to all its neighbors. 
4. Performance evaluation study 
The performance evaluation study was conducted using a simulation tool, named Nano-Sim, for EM-based 
nanonetworking2. The tool was developed on Network Simulator 3 (ns-3). Nano-Sim has been coded in C++ by using 
the object-oriented paradigm, in order to ensure modularity, flexibility, and high performance. In Nano-Sim tool, 
network architecture presented as follows: (i) Message Process Unit; (ii) Network Layer; (iii) Media Access Control 
(MAC); (iv) Channel. In this work, we have used the flooding algorithm already implemented in Nano-Sim. In this 
algorithm, packets travel in the nanonetwork hop by hop, until it reaches the gateway node. Nanonodes generate 
packets according to certain time interval and broadcast them to neighbors. Each packet is identified with a unique 
packet ID and a source node ID. 
Simulations have been conducted using several parameters as follows. 100 to 500 nanonodes are randomly 
generated. The position of each nanonode may change during simulation time and in accordance with the mobility 
model. Moreover, simulation area is finite and nanonodes can move only inside this area. Nanonodes collect 
information about surrounding environment and periodically broadcast them to neighboring nodes. Thus, packets are 
broadcast from one to others until they reach the gateway. The gateway node is an interface between the nanonetwork 
and external network, e.g., Internet. Other simulation parameters are presented in Table 1. 
Two main performance metrics are computed. The throughput or packet delivery ratio represents the percentage of 
packets that are delivered. The average latency represents the time needed for packets to arrive at their destination. 
Fig. 1 reports the throughput according to the fixed transmission ranges of nanonodes. It can be noticed that the 
throughput is low for sparse networks and high for dense networks. For example, in high dense networks (i.e., more 
than 400 nanonodes) the throughput reaches 100% with a transmission range higher than 0.006. For medium dense 
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networks (i.e., 200 to 300 nanonodes), 100% throughput is reached when the transmission range is higher than 0.008. 
However, for sparse networks (less than 100 nanonodes) the throughput reaches only about 80% with the transmission 
range fixed to 0.01. In other words, the throughput increases from low to high dense networks. It reaches 100% for 
highly dense networks. This is mainly due to the effects of nodes density on the packets losses, i.e., for a high density, 
the network is more connected and almost all packets will reach the destination node. 
 
Table 1. Simulation parameters 
Parameter Value 
Number of nanonodes from 100 to 500 
Area 10-3x10-3x10-2 
Pulse energy (pJ) 100 
Pulse duration (fs) 100 
Pulse Inter arrival Time (ps) 10 
Transmission Range (cm) from 0.001 to 0.01 
 
Fig. 2 shows the effect of nodes density on the broadcast speed by computing the average latency. These results 
verify the strong correlation between the broadcast speed and the network density. More precisely, the average latency 
is higher for dense networks compared to sparse networks for all fixed transmission ranges. Average latency is very 
high (i.e., more than 150 ns) for high dense networks (i.e., 400 and 500 nanonodes) when the transmission range is 
fixed between 0.003 and 0.005. This is due to the high number of hops needed to reach destination. Average latency 
for medium dense networks (i.e., 200 and 300 nanonodes) also increased in the same transmission range interval, but 
less than 150 ns. When the transmission range is initialized higher than 0.008, average latency is almost same for all 
number of nodes. It is due to the same number of hops needed to deliver packets from nodes sources to the destination 
node. 
 
Fig. 1. Throughput vs Transmission range Fig. 2. Latency vs Transmission range 
In summary, due to short transmission range, multiple hops are needed to send packets to any other nanonodes in 
the network. Thus, as the transmission range increases a few hops are needed for packets to reach the gateway. The 
packets will only be broadcasted few hops away, which influence on latency and throughput. However, we can see 
also that the transmission range is linked to network density. For example, in high dense network (e.g., 500 
nanonodes), increasing the transmission range allows quickly the network to sustain 100% throughput while 
maintaining low latency. In low dense network, even with high transmission range, the network could sustain around 
60% throughput. These results confirm the hypothesis stating that different transmission range values need to be 
1081 O. Yalgashev et al. /  Procedia Computer Science  52 ( 2015 )  1077 – 1082 
assigned based on network density. Therefore, adaptive approaches are required to allow tuning the transmission range 
of nanonodes based on network density. 
Fig. 3 shows the effect of network density on throughput using two strategies: fixed and adaptive. In the beginning 
of simulations initial values of transmission ranges are same (equal) for both strategies. For the fixed strategy, the 
transmission range does not change during the simulation, while in the adaptive strategy the initial value changes as 
simulation time elapse. Simulations are conducted with different transmission ranges (0.002, 0.006 and 0.008). The 
number of nodes is varied from 100 to 500 in same area by changing the density from sparse to dense networks. 
Simulations show that when we use fixed transmission range, depending on network density, results for throughput 
might be different. When we assign a low value for transmission range and fix it, in sparse network, throughput is 
low, because the probability of finding neighbors in this transmission range is very low. While in dense and medium 
network, results of throughput gets better. When we use the adaptive strategy, results are more stable for any network 
density. In this case throughput gets about 75%. 
 
Fig. 3. Throughput vs number of nanonodes Fig. 4. Latency vs number of nanonodes 
Fig. 4 represents the comparison of average latency when we adapt and fix transmission ranges with dense, medium 
and sparse networks. Simulation results confirm that the adaptive transmission range strategy outperforms the fixed 
transmission range strategy in terms of average latency. When the transmission range is fixed to 0.002 the average 
latency is very low, but throughput value is almost near zero. In this case, if packets are delivered to the destination 
node, obviously, distance between source and destination nodes is small. In case of fixing the transmission range to 
0.006 we observe a high latency compared to other values. It is due to the high number of hops needed for packets to 
reach the destination node. When we fix the transmission range to 0.008 it can be seen that latency is lower and 
throughput is higher. However, using adaptive transmission range the average packet delivery time gets smaller for 
all nanonetworks. It could be observed that since we use adaptive transmission range the average latency is small 
(between 20 and 30 nanoseconds). 
In summary, we can conclude that adapting transmission range of nanonodes provides good results in terms of 
throughput and latency. In case of using adapting rules in sparse network the transmission range increases and average 
latency and throughput improves. 
5. Conclusion and future work 
In this work, we have first investigated the performance of the EM-based broadcasting mechanism for Nano-
communication. Simulation results have shown that in order to limit packet flooding while increasing throughput and 
decreasing latency according to a given network density, node’s transmission range needs to be tuned. For example, 
when we fixed the transmission range of nanonodes the throughput was very low in sparse networks. For example, 
with 100 nanonodes it reached only about 80% with maximum tested transmission range, 0.01 cm. In dense (500 
nanonodes) network 100% of packets are delivered with 0.004 as a transmission range value. It was also noticed that 
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latency decreases with increasing transmission range. We then introduced an adaptive transmission range approach 
that allows nodes to select the best suitable transmission range in order to increase network connectivity. Result 
showed that this approach provides a good throughput while minimizing latency. Our ongoing work focuses on 
developing adaptive broadcasting approaches in order to further minimize the broadcast messages while achieving 
good throughput. 
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